Clinical congestive heart failure (CHF) is a major risk factor for strokes. Patients with CHF commonly have atrial fibrillation or flutter (AF), which is frequently associated with, may be a marker for, and may be the mechanism of, ischemic strokes. To determine whether stroke patients with CHF have a high incidence of AF (that may be intermittent and not diagnosed), we reviewed all the 12 lead ECGs in a fourteen year institutional ECG data base and the clinical records and the available echocardiograms of 985 patients who had an ischemic stroke over a 3-year period. We found that 31.3% of the stroke patients had evidence of AF. Clinical congestive heart failure was present in 168 stroke patients; 61.9% of these stroke patients with CHF had evidence of AF. In the total stroke population, patients with other risk factors for stroke (hypertension, advanced age, diabetes, coronary artery disease) had an increased incidence of AF; but among stroke patients with CHF, only advanced age (≥75 years) in addition to CHF increased the incidence of AF. To determine whether only the CHF stroke pts with systolic dysfunction had a high incidence of AF, we compared the incidence of AF in the 41.5% of the CHF patients with a depressed ejection fraction with the AF incidence in the 58.5% of CHF stroke patients with a normal ejection fraction (≥50%). The incidence of AF was the same (63.4% vs. 60.2%, p = 0.741) whether the ejection fraction was depressed or normal. These findings suggest that AF is common in patients with CHF who have strokes whether the ejection fraction is normal or depressed. CHF patients who have strokes and who are in sinus rhythm should be meticulously investigated for intermittent AF, so anticoagulation can be administered to prevent a further stroke.
Introduction
Patients with heart failure frequently have strokes [1] - [3] ; most strokes are considered ischemic [4] . The suggested mechanism for these strokes has included embolization of LV mural thrombi, spontaneous clots in the left atrium related to abnormalities of coagulation in patients (pts) with heart failure [5] , periods of cerebral hypoperfusion due to low cardiac output and the usual causes of cerebral emboli including carotid disease, aortic endothelial ulcers and plaques, and thrombosis in the left atrial appendage in pts with atrial fibrillation. Atrial fibrillation is commonly found in pts with ischemic stroke and although it may be the cause for stroke, it might be just a marker for stroke risk. The physiologic abnormalities associated with heart failure also cause atrial fibrillation or flutter (AF), including elevation of the left ventricular end diastolic pressure, elevation of left atrial pressure, increase in left atrial wall stress, left atrial dilatation, enlargement, and left atrial fibrosis [6] . As heart failure is one of the major risk factors for stroke, it is also an important risk factor for AF [6] . AF is an accepted risk factor for stroke, especially if it is associated with hypertension, advanced age, heart failure, diabetes, vascular disease, or a prior stroke or TIA [7] . Pts with AF who have these risk factors are more prone to ischemic stroke and benefit from anticoagulation prophylaxis [8] . Intermittent AF increases the risk of stroke similarly to persistent or permanent AF [9] and intermittent AF that may have played a role in a stroke is frequently undiagnosed. It may be that AF is much more common in these ischemic stroke pts and that AF, frequently intermittent, may be the mechanism whereby the stroke risk factors, especially heart failure, cause stroke in many pts. It is important to diagnose that AF has been present in stroke pts because anticoagulation in these pts can significantly decrease the incidence of a recurrent stroke [10] .
The aim of this study was to determine the incidence of AF in ischemic stroke pts who have clinical heart failure by reviewing all their 12 lead ECGs in a 14-year institutional data base in addition to their clinical history. We also determined if the presence of clinical heart failure with a depressed ejection fraction (systolic heart failure) or a preserved ejection fraction (also called "diastolic heart failure") affected the incidence of AF in these stroke pts.
This work has been partially presented at the 2012 Heart Failure meetings [11] and at other meetings [12] [13].
Methods
The clinical records of all patients discharged from Hackensack University Medical Center with a diagnosis of ischemic stroke (codes 434.00, 434.01, 434.11, 434.91) from January 1, 2005 to December 31, 2007 were reviewed. Patients with a mitral valve prosthesis or mitral stenosis were excluded. The diagnosis of clinical congestive heart failure (CHF) (codes 428.xx), hypertension (codes 401-5.xx), diabetes (codes 249.xx), and coronary artery disease (CAD) (history of myocardial infarction (codes 410.xx), angioplasty (code 45.82), coronary artery bypass grafting (code 45.81) and age and sex were tabulated. All of the 12 lead ECGs in the institutional data base from 1993 through July 2007 for each patient were printed out and reviewed (1 to 56 ECGs per patient, approximately 6000 ECGs reviewed) and the presence of atrial fibrillation (irregularly irregular ventricular rhythm in the absence of P waves with or without irregularly irregular undulation of the baseline) or flutter (regular rapid flutter waves with fixed ratio or irregular ventricular depolarizations) recorded on at least one ECG in the data base taken during the admission for stroke or on any emergency room visit, clinic visit or another admission before or after the admission for stroke, was determined. Thus we included pts with intermittent AF, many who had no clinical history of AF, in addition to those with persistent AF. The available echocardiogram reports were reviewed and the presence of left atrial enlargement (LAE) (dimension ≥ 4.0 cm), left ventricular (LV) enlargement (LV end diastolic dimension ≥ 5.6 cm), and abnormal ejection fraction (<50%) were tabulated.
Statistics: The association between two groups of categorical variables were reviewed by 2X2 contingency tables and analyzed by Fishers exact test with two sided p values < 0.05 considered statistically significant; 95% confidence limits of individual proportions were determined (modified Wald method) (Graph Pad Software Inc.)
The incidence of atrial fibrillation or flutter (AF) in these ischemic stroke patients with and without one or more of the variables: age > 75, gender, CHF, hypertension, coronary artery disease and diabetes, left atrial enlargement, left ventricular enlargement, ejection fraction < 50% were compared and the Odds Ratio (O.R.) (1993-2013 MedCalc Software bvba) was determined. The effect of the other risk factors on the incidence of AF in patients with CHF was determined by comparing the AF incidence in the CHF patients with and without each of the risk factors. The ischemic stroke patients with clinical CHF were divided into those with heart failure with depressed ejection fraction (<50%) (HFDEF), and those with heart failure with preserved ejection fraction, (≥50%) (HFPEF) and the incidence of AF was compared between these groups. The effect of the other risk factors on the incidence of AF was determined in the HFDEF and HFPEF groups and compared between groups.
Results

Total Ischemic Stroke Population
Ischemic stroke was diagnosed in 985 patients discharged from January 1, 2005 to December 31, 2007. AF was found in 306 (31.3%). Heart failure was present in 168 patients (17.1%); (61.9% had AF), 784 patients had hypertension (33.7% with AF), 527 patients were 75 years old or older (45.2% AF), 240 patients had CAD (42.9% AF), and 204 patients had diabetes (39.2% AF). In the total population of patients with ischemic stroke, the patients with any of the risk factors for stroke (also the risk factors for AF) had a significantly increased incidence of AF compared to those who did not have the risk factor (p < 0.0001 to p = 007). The incidence of AF was highest in the ischemic stroke patients with CHF (61.9%, p < 0.0001)).
There were 937 patients with available echocardiographic diagnoses. Left atrial enlargement (LAE) was present in 527 patients, 56.2% of the stroke pts. Patients with LAE had a 47.3% incidence of AF, significantly greater than 11.7% AF among those without LAE (p < 0.0001). Among those with ejection fraction (EF) less than 50%, 49.0% had AF, compared to 28.3% with EF ≥ 50% (p < 0.0001). Thus in the total stroke group, patients with left atrial enlargement or with depressed ejection fraction had a significantly higher incidence of AF compared to those without these echo findings. The incidence of AF was not significantly higher in those with LV enlargement (E) compared to those without LVE.
Heart Failure Population (Table 1, Figure 1)
Among the 168 stroke patients with heart failure, except for age ≥75 years, the effect of adding each of the other clinical variables, hypertension, coronary artery disease or diabetes, did not significantly increase the incidence of AF. In stroke patients with heart failure who were 75 years or older, AF occurred in 67.7% compared to 42.1% in patients with CHF younger than 75 (p = 0.0073).
Patients with each of the clinical risk factors who also had CHF had a significantly higher incidence of AF than patients with the same risk factor that did not have CHF.
Echocardiographic diagnoses were available in 159 of the 168 patients with clinical CHF. Patients with clinical heart failure who had left atrial enlargement had a significantly higher incidence of AF than those with a normal size left atrium (70.3% vs 25.8%, p = 0.0002). In the total population of stroke patients with CHF, the presence or absence of LV enlargement did not affect the incidence of AF (65.5% vs 62.3%, p = 0.8335).
Thus the presence of clinical congestive heart failure in a patient with ischemic stroke carries with it the highest incidence of AF with only the presence of advanced age adding to the likelihood of finding AF in stroke patients with CHF. Heart failure patients with hypertension, with CAD or with diabetes had a similar incidence of AF regardless of whether hypertension, CAD, or DM were present or absent. The presence of LA enlargement increased the incidence of AF but the presence of LV enlargement in the stroke pts with CHF did not.
Ejection Fraction and HFDEF Compared to HFPEF (Table 2, Table 3, Figure 2)
Of the 159 patients with clinical heart failure who had echo reports available, 66 patients had EF < 50% (HFDEF) and 93 patients had a normal ejection fraction (HFPEF). Thus in the stroke patients with CHF significantly more patients had HFPEF than HFDEF (58.5% vs 41.5%, p < 0.0001). Comparing stroke patients with clinical heart failure who had decreased ejection fraction with those with preserved ejection fraction, more of the patients with HFPEF were women (69.8% vs 36.6%, p < 0.0002). More of the HFDEF patients had CAD and had LV enlargement. There was a tendency toward more patients with LA enlargement in the HFDEF group (87.9% vs 75.3%, p = 0.0667). The incidence of hypertension, diabetes and age ≥75 years was not different between the groups.
In the stroke patients with clinical CHF the incidence of AF was the same whether EF was normal or less than 50% (60.2% vs 63.36%, p = 0.7414). This similarity of incidence of AF in stroke patients with clinical heart failure who had HFDEF or HFPEF was present regardless of gender, or whether hypertension, CAD, diabetes or age ≥75 were present. Although there was a trend toward LAE in more patients with HFDEF than HFPEF the incidence of AF was the same in the patients with LAE whether the patients had HFDEF or HFPEF. Although in the general stroke population patients with decreased ejection fraction had a higher incidence of AF, in patients with clinical congestive heart failure there was no difference in the incidence of AF in the HFDEF patients compared to the HFPEF patients. This may be because patients with clinical CHF have increased LA stress and Figure 2 . Stroke patients with CHF: Incidence of AF in CHF stroke patients with depressed ejection fraction or preserved ejection fraction. There was no significant difference in the incidence of AF between the pts with clinical heart failure with a depressed ejection fraction (<50%) or with a preserved ejection fraction regardless of the presence of any of the stroke risk factors. Abbreviations as on previous figures and HFDEF-heart failure with depressed ejection fraction, HFPEF-heart failure with preserved ejection fraction.
LA pressure due to elevated LV end-diastolic pressure regardless of the ejection fraction. In the total stroke population clinical CHF was diagnosed in a higher percentage of patients with depressed EF (66 of 153 patients, 43.15%) whereas CHF was diagnosed in only 93 of the 784 patients with normal EF (11.86%) p < 0.0001.
Thus, heart failure with preserved ejection fraction was more common in pts with clinical CHF. The incidence of AF was the same in those with HFPEF compared to patients with depressed ejection fraction and remained the same in the presence or absence of any of the stroke risk factors or of left atrial enlargement. Ejection fraction, whether preserved or depressed does not appear to affect the increased propensity to AF in these stroke patients with clinical CHF.
Discussion
Since the report of the Framingham study in 1978 [14] , nonvalvular AF has been implicated as a risk factor for strokes. Many studies [15] have confirmed this relationship and have demonstrated that anticoagulation will significantly decrease the incidence of ischemic stroke in patients with AF. Prospective studies in patients with AF have identified risk factors associated with AF that increase the likelihood of stroke and that are associated with an increase in the prophylactic benefit of anticoagulation [15] . These studies have led to the development of various schema for determining which patients with non-valvular AF will benefit from anticoagulation [16] . A major problem in determining the actual importance of AF in stroke, however, has been the fact that intermittent AF carries the same risk of stroke as persistent or permanent AF [9] [10] [17] . This has raised the possibility that occult intermittent AF that is not present on admission to the hospital in many stroke patients may be playing a major role in the occurrence of stroke and that AF is underdiagnosed [18] . Although the occurrence of AF may be just a marker for a higher propensity for stroke (the presence of AF around the time of stroke in pts with intermittent AF has not been consistently demonstrated) AF might be the mechanism for stroke and is certainly a marker for the use of warfarin to prevent stroke. Transient AF with stasis in parts of the atrium might lead to the formation of a clot that embolises and causes a stroke some time later after sinus rhythm has been spontaneously restored. Alternatively, a clot might have embolised during a transient period of AF but the rhythm reverted to sinus before the patient arrived in the hospital and an ECG had been recorded. Identification of those stroke patients in whom AF may have played a role is important because patients with AF who have had a stroke are at high risk for a recurrent stroke (greater than 10% per year [19] , and will benefit from anticoagulation [20] .
There have been many reports of patients monitored after strokes to determine if intermittent AF is occurring [18] [21]- [23] . The longer the period of monitoring after a stroke, the higher is the incidence of the diagnosis of transient intermittent AF. The highest incidence of transient AF in post stroke patients has been found in stroke patients with implanted pacemakers or defibrillators that have an intrinsic Holter monitoring capability [24] [25].
Ziegler et al. [24] prospectively followed cryptogenic stroke patients with implanted devices for 1.1 +/− 0.7 years and found intermittent AF to occur in 28% of these patients who had no diagnosable cause for their stroke. They did not comment on the importance of AF in their total population of stroke patients, but if the patients excluded from their analysis because they had documented AF, and those excluded because they were on warfarin or because they were on antiarrhythmic drugs (presumably because they may have had AF) are added to those of the cryptogenic stroke group who had AF it appears that over 63.0% of patients with stroke had definite or probable AF as a marker or as the mechanism for their stroke. We retrospectively studied 128 ischemic stroke patients who had implanted permanent pacemakers or defibrillators using their charted clinical diagnosis of AF and the findings in the ECG data base and found that 71.1% had evidence of AF [20] [25] . Of those with the clinical diagnosis of AF 86.8% also had ECGs in the data base that confirmed the clinical diagnosis of AF largely obviating the possibility that AF had been diagnosed because of artifact on the Holter-type recording of the device. We also found patients who had ECGs showing AF who did not have the clinical diagnosis of AF [25] , suggesting it was missed on reading the monitor record from the device. The high incidence of AF found in the ECG database may have been because patients with pacemakers or with defibrillators were not normal; they also interface with the medical center frequently and have ECGs performed more often. The findings in these studies suggest that AF, very often intermittent, may play a much more important role in ischemic stroke and may be a marker for stroke or may be the common mechanism whereby the stroke risk factors cause stroke. Although the incidence of stroke in patients with AF may be 10%/year or less, depending on the presence of risk factors, the incidence of AF in patients with ischemic stroke may be as high as >60%.
In this study, using discharge diagnoses and a 14-year ECG data base, we have found that 31.3% of the patients who present with an ischemic stroke have evidence of AF. This is greater than the 15% -19% that has been considered the incidence of AF in stroke patients [26] , and is probably because AF may be intermittent and may not be present at the time of the stroke admission to the hospital. This 31.3% incidence probably is an underestimation of the actual incidence of AF since the diagnosis of AF was based largely on the serendipitous recording of an ECG during an episode of AF that occurred during another interface with the hospital [27] . Among patients with each of the risk factors for stroke, hypertension, advanced age, diabetes, coronary artery disease, and congestive heart failure, the incidence of AF was significantly higher than in the stroke patients without the risk factors.
Of the risk factors for ischemic stroke, CHF was associated with the highest incidence of AF (61.9%, 95% confidence limits 54.4%, 68.9%). This may be related to the pathophysiological abnormalities associated with clinical heart failure (an elevation of left atrial pressure with increased wall stress, atrial dilatation and fibrosis due to an elevation of left ventricular end-diastolic pressure) that also can cause AF. Alternatively or in addition, patients with clinical heart failure tend to present to the hospital more often and with more ECGs recorded, diagnosing intermittent AF is more likely. In the stroke patients with CHF the presence or absence of hypertension, diabetes or coronary disease did not significantly affect the incidence of AF. In the stroke patients with clinical CHF, only age 75 years old or older significantly increased the likelihood of finding AF (67.7%). Echocardiographically, the heart failure pts with LA enlargement had a higher incidence of AF than those with a normal LA (70.3%, odds ratio = 6.81, p < 0.0001).
Over the past few years, it has been demonstrated that at least 40% of patients with clinical CHF do not have left ventricular systolic dysfunction. The CHF pts with normal systolic function have the same prognosis as those with CHF due to systolic dysfunction. We found that the incidence of AF in stroke pts with clinical CHF was the same whether failure was due to systolic dysfunction or not. (Pts with clinical CHF with normal systolic function have been diagnosed as having "diastolic heart failure" and various criteria for the diagnosis of diastolic failure have been studied and presented. The diagnostic criterion that is most universally accepted is "heart failure with a preserved ejection fraction" which we have used (HFPEF)).
In the stroke patients with clinical CHF significantly more patients had HFPEF than HFDEF (58.5% vs 41.5%, p < 0.0001) and more of the patients with HEFPEF were women. The incidence of AF was the same in the HFPEF group compared to the HFDEF patients (60.2% vs 63.4%, p = 0.7414) and remained the same whether there was associated hypertension, coronary artery disease or diabetes. In the patients ≥75 years old with HFDEF the incidence of AF was higher than among those who were younger, but in the HFPEF group age did not significantly alter the incidence of AF in these stroke pts. The incidence of LAE tended to be higher in the HFDEF patients (87.9% vs 75.3%, p = 0.0667) but the incidence of AF was the same in both the HFPEF and HFDEF patients with LAE, and though significantly lower in the patients without LAE the incidence of AF was also not significantly different in the HFDEF or HFPEF patients with normal size left atria. The incidence of LAE in the patients with AF in the HFDEF group was not statistically significantly different from those with AF in the HFPEF group (97.6% vs 87.5%, p = 0.0758.) Thus HFPEF is more common than HFDEF in patients with ischemic stroke. The incidence of AF is the same in stroke patients with HFPEF and HFDEF who have clinical heart failure. Since patients with clinical heart failure have increased LA stress and a high incidence of LAE it is not unexpected that the incidence of AF in these patients would be similar regardless of the LV ejection fraction.
The WARCEF study [28] can be interpreted to support our findings of a high incidence of AF in patients with CHF who have ischemic strokes. The study prospectively compared the use of warfarin or aspirin in 2305 patients with systolic heart failure (ejection fraction ≤ 35%) who were in sinus rhythm, and who were followed for 3.5 +/− 1.8 years. Although the composite endpoint of death, ischemic stroke, or intracerebral or intracranial hemorrhage was not significantly different in the two groups, the incidence of ischemic stroke was significantly less in the warfarin treated patients (2.5% vs 4.7% p = 0.005). Using their numbers: based on the stroke incidence in the group not receiving warfarin, if warfarin had been withheld from the warfarin group 54 ischemic strokes would have been expected to occur (55 × 1142/1163 = 54), 25 more than the 29 reported to have a stroke; i.e. 25 strokes had been prevented by being in the warfarin group. However the patients on warfarin had INRs ≥2 only 72.9% of the time. Thus if all of the warfarin-treated patients had always been adequately anticoagulated 34 strokes would have been prevented (25/0.729 = 34). If we assume that warfarin mainly prevents strokes in patients with atrial fibrillation, AF would have been implicated as the cause for stroke in 34 of the 54 patients who would have been expected to have a stroke or 63.0%, similar to the incidence of AF we found in our CHF pts. In their discussion the authors note that the observed relative reduction in ischemic stroke to be "similar to that observed among patients with atrial fibrillation" [28] .
The possible limitations of our study include that it was retrospective using discharge diagnoses. It was conducted in a single center, and the ECGs in the data base were performed randomly, with no set schedule. The finding of AF was fortuitous and serendipitous and possibly underestimated the incidence of intermittent AF.
Conclusions
Using a 14-year ECG data base, we have found that ischemic stroke patients have a high incidence of AF that may be frequently intermittent and not diagnosed. The incidence of AF varies with the presence of risk factors and is highest (61.9%) in patients with clinical heart failure. AF may be a marker for the propensity for stroke but may be the common mechanism whereby the stroke risk factors cause stroke.
The majority of stroke patients who have CHF with or without systolic dysfunction (decreased ejection fraction) have evidence of AF. The occurrence of AF in CHF stroke patients was especially high in patients who are 75 or older or who have left atrial enlargement. Since stroke patients with AF are at great risk for recurrent stroke, it is important to meticulously investigate stroke patients with CHF in whom AF has not been diagnosed, so anticoagulation can be considered to prevent a recurrent stroke if AF is found. Moreover, patients with CHF who complain of palpitations should be studied to diagnose possible AF so anticoagulation can be considered to prevent a first stroke.
